INTRODUCTION
Sympatry is unusual in sand-swimming lizards and has not previously been studied. Pianka (1967) found no fossorial species on 10 study areas in the western North American deserts, and sympatric species on only one of 8 desert study areas in Western Australia (Pianka 1969) , suggesting that interspecific competition may be keen in fossorial lizards.
During an investigation of lizard species diversity in the southern Kalahari Desert (Pianka 1971), we encountered two partially sympatric, legless, sandswimming skinks of the genus Typhlosaurus. Here we describe the natural history of these fossorial skinks and examine niche shifts in sympatry. In particular, we focus on morphological and behavioral Typhlosaurus are almost completely subterranean, but do not construct tunnels. They occasionally travel snake-like above ground for short distances, but normally move in a lateral sinuous path just beneath the sand. Travel occurs only at night. Typhlosaurus are much more abundant than the frequency of observed tracks would indicate, suggesting that they change positions rarely and localize their activities beneath cover.
Detailed descriptions of the southern Kalahari are given in Leistner (1967) . The southwestern portion is covered by stabilized sandridges (Fig. 1) . To the northeast, terrain is flat or gently undulating. Shifting barchanes are absent from both areas. Vegetation is predominantly grassy, with varying concentrations of shrubs and trees; and, in sandridge areas, it is distinctly zoned. Larger shrubs and trees are normally restricted to dune slopes, while smaller shrubs occur in interdunal valleys (= streets).
METHODS
We collected over 500 Typhlosaurus3 by digging under various cover objects on nine study areas and several additional localities from December 1969 through October 1970. Five study sites lie within the dune region as delineated by Leistner (1967) ; the other four are flatland habitats. Data and statistics on locations, vegetation, topography, climate, saurofauna, and avifauna of each of these areas are given by Pianka and Huey (1971) and Pianka (1971) . Microhabitat location and habitat were recorded for each lizard collected. The term "microhabitat," indicating the object under which a Typhlosaurus was found, is preferable to "cover" since these sites are used for foraging as well as retreats. Dissection of preserved material provided information on gonadal conditions and stomach contents. Samples were augmented with specimens from the Transvaal and Umtali Museums. During our study, 994 T. lineatus and 133 T. gariepensis were examined, of which we collected 454 and 125 specimens, respectively. Body weights and snout-vent lengths (SVL) were measured on freshly captured specimens in the field. Because of shrinkage due to preservation, we converted measurements of museum specimens (pSVL) to estimated fresh SVL's by the following empirically determined regression equation: estimated SVL -0.06 + 1.02 pSVL. We measured head length to the nearest 0.1 mm as the distance between the posterior tip of the parietal scale and the tip of the snout, using a calibrated ocular micrometer; head width was similarly measured as the maximum width on a transverse line passing through the eyes.
We determined prey size by placing the contents of the entire gastrointestinal tract on mm-ruled graph paper on the stage of a dissecting microscope. For items other than termites, the area covered with a depth between .75 and 1.25 mm was recorded as the volume in 1d (= mm3). Partially digested material and recognizable parts were recorded, but were not included in prey size frequency distributions unless the original size of the item could be estimated. Termites were counted individually. We measured lengths and widths of heads and abdomens of representative types with an optical micrometer, and estimated their volumes using the formula for the volume of a prolate spheroid (V -4/3 ir a b2, where a and b are the major and minor semi-axes, respectively (Miller 1944) , but the nasal vestibule may be partially constrictable (Stebbins 1948) . Chionactis have a simple flap over the anterior part of the naris (Stickel 1941) . The nasal plug of Typhlosaurus blocks the naris even during reverse motion, but the nasal valve of Chionactis is probably functional only during forward motion and rest (Norris and Kavanau 1966) . Submerged Typhlosaurus, like Chionactis, breathe through their mouths in a sand-free pocket beneath the head; hence the nares are of little functional use (Pough 1969) .
Typhlosaurus are viviparous, with the body axis of the embryo parallel to that of the mother rather than curled (Brain 1959) ; only the embryo's tail is folded. Since the force required to push a cylinder through a medium is a function of the diameter of the cylinder, parallel orientation of embryos results in female Typhlosaurus with a relatively uniform and narrow body, presumably minimizing energy expenditure on locomotion during pregnancy. Elongate testes confer similar advantages on males. Maturing Anniella embryos are folded 2-3 times, but are basically longitudinal (Klauber 1932 , Miller 1944 
Ecological Morphology and Character Shifts
Typhlosaurus lineatus and T. gariepensis are partially sympatric in the Kalahari Desert ( Fig. 1 and Macrogeographic Distribution, below). They differ considerably in snout-vent length (Fig. 2) . Sympatric T. lineatus of both sexes are significantly longer (t-tests, P's < .001) than adult T. gariepensis. In maximum SVL T. lineatus is also longer (167 mm vs. 140 mm).
Data on allopatric T. lineatus were divided into two populations ( Fig. 1 and 2 ): one is far from sympatry (Tsane and Mabua Sefubi Pan) while the other (T + D + R) is near sympatry. Sympatric T. lineatus were divided into two populations: deep sympatry (M + B + A + others) and near allopatry (K + L + X + others). Paired comparisons within sex classes show no significant differences (t-tests, P's > .60) in SVL among either allopatric or sympatric populations. However, paired comparisons within sex classes show that both sympatric populations are significantly longer in SVL than any of the allopatric populations (P's < .01) (Fig. 2) (Table 2) (Fig. 1) ; further collecting will almost certainly show that these two species are sympatric at most localities throughout most of the sandridge area of the southern Kalahari.
Microgeographic distribution in sympatry
We recognize four microgeographic subdivisions in the sandridge areas, where T. lineatus and T. gariepensis are sympatric: street, dune base, dune slope, and dune crest. The numbers of each species collected in each subdivision are presented in Table  3 . Typhlosaurus lineatus occurs predominantly on dunes, but can also be found in interdunal streets. Typhlosaurus gariepensis is almost entirely restricted to sandridges proper; the two specimens listed for the dune street were on a very small dune less than 20 m from a major sandridge. Microgeographic distributions in sympatry differ significantly (G-test, P < .001).
On the basis of macrogeographic distributions, one might expect T. lineatus to be more abundant in the interdunal streets. This is not true, because (1) street 
Microhabitats
Typhlosaurus lineatus in sympatry are found chiefly (Table 4) We use the proportions in Table 4 We grouped snout-vent lengths into 3-mo intervals (Fig. 3) Comparing growth and reproductive data (Fig. 3) , we estimate that male T. lineatus and T. gariepensis reach maturity at a minimum age of 12/3 yr. Unless females grow faster than males, some female T. lineatus may not reach sexual maturity until 22/3 yr and hence be 3 yr old when their first young are born. In either case, Typhlosaurus definitely have delayed maturity compared with most lizards (Tinkle et al. 1970) .
A large fraction of adult female T. lineatus are nonreproductive during the reproductive season from September through February. Significantly fewer (x2-test, P < .001) sympatric T. lineatus (31.4%, N = 71) were pregnant than allopatric T. lineatus (65.7%, N = 139) during these months. Although some of these may be females that have already given Delayed maturity, small brood size, and nonannual reproduction, coupled with the low frequency of juveniles, all indicate that these lizards have a long life expectancy and an extremely low reproductive potential. Tinkle (1967 Tinkle ( , 1969 noted that viviparity in lizards is often associated with low reproductive potential and long life expectancy.
Diet
Most lizard species are opportunistic feeders and eat a wide variety of prey taxa. Determination of prey items at the ordinal or familial levels is often sufficient to demonstrate dietary patterns and differences between species. However, since both species of Typhlosaurus are termite specialists and since the Kalahari termite fauna is very rich (Coaton 1963) , this methodology could conceal both dietary differences and dietary shifts. Hence we identified all isopterans to distinct morphological types (species or castes). Other prey items were identified only to the ordinal or familial level. (Table 5 ). The essence of the original data is preserved, however, in the overlap values of Table 6 . Table 5 Allodontermes major workers are the chief food of both species. However, T. gariepensis (males, females, immatures: t-tests, P's < .001) take far more Psammotermes workers, fewer Allodontermes major workers (P's < .001), and scarcely any Hodotermes compared with sympatric T. lineatus populations. Sympatric T. lineatus eat fewer Psammotermes workers (females and immatures, P's < .001; but not males, P's > .40) but more Allodontermes major workers (females, immatures, and males, P's < .001) than do allopatric T. lineatus.
In our original analysis, we separated data on T. lineatus into three populations (allopatry [T + D + R],
Intrapopulational dietary overlaps (x = .887) by prey type in Table 6 are significantly greater (MannWhitney U test, P < .001) than interpopulational overlaps (x = .727). The overall diversity of prey (Fig. 6) show that T. gariepensis of any age or sex class take significantly smaller prey than does any corresponding class of either population of sympatric T. lineatus (x2-tests in Table 6 , P's < .001) or than allopatric T. lineatus (P's < .001). Classes of both populations of sympatric T. lineatus eat significantly larger prey (P's < .001) than do allopatric T. lineatus. Intrapopulational dietary overlaps by prey size (x = .938) in Table 6 are significantly greater (Mann-Whitney U test, P < .001) than interpopulational overlaps (x .816).
Percentages of various prey types and prey size categories fluctuate somewhat monthly; but, since there are no apparent repeatable seasonal patterns, these fluctuations may merely reflect sampling error and small sample sizes.
In an attempt to determine whether dietary differences result from differences in microhabitat associations or from active selection of different isopteran types, we also summarized diets by the microhabitat where lizards were collected (only termites were considered). Here we assume that a lizard's gut contains prey captured in that microhabitat (since Typhlosaurus apparently change microhabitats infrequently, this assumption seems reasonable). All five major termite types (Table 7 ) occur in the intestines of Typhlosaurus from all four microhabitats (under logs, leaf litter, Crotalaria, and bunch grasses), but differ in proportion primarily between species and populations rather than between microhabitats. For example, T. gariepensis ate significantly more (ts-tests, P's < .001) Psammotermes workers than did sympatric T. lineatus under each of the four microhabitats. Similarly, allopatric T. lineatus ate significantly more (P's < .001) Psammotermes and significantly fewer (P's < .001) Allodontermes major workers than did sympatric T. lineatus. Sympatric T. lineatus, but not T. gariepensis, ate Hodotermes in all four microhabitats. The overall patterns previously described thus hold within microhabitats, indicating that active prey selection is probably occurring. Nonetheless, we cannot discount the possible influence of subtle differences in times of activity or in the use of space (perhaps like those shown earlier for bunch grass).
Patterns of diversities of prey items taken (Table  7) under the four microhabitats are also consistent with overall diversities previously given. Allopatric T. lineatus always ate a greater diversity of termites than did sympatric T. lineatus, and T. gariepensis always ate a greater diversity than did sympatric T. lineatus. This last result is somewhat surprising, for T. gariepensis is relatively specialized in microhabitat associations compared to sympatric T. lineatus (see Microhabitats). Moreover these observations further emphasize the apparent independence of prey taxa and microhabitat and help to justify treatment of food and place as separate niche dimensions (Pianka 1973 ).
Sympatric T. lineatus (females and immatures) take larger prey than allopatric T. lineatus because the former eat fewer Psammotermes workers (a small termite), and relatively more Allodontermes major workers. Male sympatric T. lineatus also take larger prey, but do so only by taking more Allodontermes workers, not by eating fewer Psammotermes. In all but one case (Table 6) (Fig. 2) ; thus, these changes are not merely representative of a clinal trend (Grant 1972 ). Also, not only are SVL's larger in sympatry, but heads are proportionately longer as well.
The character shifts probably are not related to differences in habitats between allopatry (flatland desert) and sympatry (dunes), because the major habitat change is that flatland sands are more compact (Leistner 1967) , and longer lengths would seem to be more advantageous in allopatry to increase propulsive forces for locomotion.
Neither, probably, are the character shifts related to altered reproductive tactics, since litter sizes between allopatry and sympatry do not differ significantly. Larger size might permit females to increase progeny size in response to K-selection. However, altered reproductive tactics do not account for shifts in head proportions, male SVL's, or diet.
It is unlikely that the character shifts are simply indicative of an older average age of sympatric T. lineatus as a result of K-selection (P. R. Grant, personal communication). If only the mean sizes were shifted because of predominantly older ages, some allopatric T. lineatus should be as large as the largest sympatric T. lineatus. However, the largest male and female in allopatry are considerably shorter than their counterparts in the two sympatric populations (male 9 and 12 mm shorter; female 10 and 11 mm shorter). Additionally, this hypothesis does not account for shifts in head proportions or diet.
The character shifts cannot be related to maintaining reproductive isolation (reproductive character displacement). SVL's overlap broadly (16 mm between male T. lineatus and T. gariepensis, 17 mm between females) so some hybridization would result if Typhlosaurus recognized conspecific individuals using body length alone. However, neither Broadley (1968) nor we found any evidence of hybridization. Also, we believe that fossorial lizards rely more on chemoreception than on size for species and sexual recognition.
Finally, then, we must consider whether character shifts are related to reducing ecological overlap in diet (ecological character displacement). The morphological shifts themselves (Fig. 2, Table 1 ), particularly the proportional changes in head length (Table 2) , are consistent with and suggestive of this hypothesis. Moreover, the parallel changes in prey size (Fig. 6 ) of T. lineatus plus the reductions in dietary overlap (both taxa and size) provide strong correlative support, at least for females and immatures.
There are complications, however. First, different size and sex classes within a population overlap more in prey taxa or size (Table 6 ) than do similar size or sex classes between populations. Behavior thus overrides purely mechanical considerations in prey selection, suggesting both that behavioral character displacement preceded morphological displacement in the evolution of dietary patterns of Typhlosaurus, and that morphology displaced only to reduce the resultant mechanical disadvantages of eating larger prey. Second, while female, male, and immature T. lineatus eat larger prey in sympatry and thus overlap less in prey size with T. gariepensis, dietary shifts, when analyzed by prey taxa, are not substantial for males. Our correlative data, therefore, support the hypothesis of behavioral and morphological character displacement reducing dietary overlap for females and immatures only.
A recent discussion of exceptions to the notion that there can be no more species in a habitat than the kinds of resources on which they depend may be relevant. Haigh and Maynard Smith (1972) argue that the roots and leaves of the same tree can be regarded as different resources to herbivores. By analogy, different castes (xl and x.,) of the same species of termite might serve as two separate resources: ". . . if xl is functionally dependent on x., so that a knowledge of one value at any time specifies the other, then they are the same resource, but . . . otherwise they can act as different resources, even if they are highly correlated" (Haigh and Maynard Smith 1972). The shift from minor to major workers of Allodontermes by male T. lineatus in sympatry may thus indeed reduce competition and enforce isolation in consonance with the hypothesis of ecological character displacement.
